programming, and better contraceptive use from easier access to family planning services) should have a greater impact on teens in poverty. However from what I could figure out, the outcome is the birthrate for all young women age 15-19 in the state. It would strengthen the inferences made about mechanism if birth rates for those above and below the poverty line could be used to see if there is a stronger effect for the latter.
Birth rates are a function of pregnancy rates and decisions to terminate or carry an unwanted pregnancy to term. The pathways noted above are discussed largely in terms of their relationship to the occurrence of pregnancy, not its continuation. However, state differences in birth rates could also reflect differences in the proportion of pregnant teens who complete or terminate their pregnancies. State variation in rates of abortion could arise from differences in state laws mandating parental consent and/or in norms about childbearing and abortion. The paper provides some analysis involving abortion rates and reports that when abortion rates are included in the final model, they were related to teen birth rates ---does this mean that states with high birth rates also had high abortion rates? If so, there is more basis for treating birth rates as reflecting pregnancy rates. It was unclear to me what it implies that when both are included in the model, the association of birth rates and spending is stronger.
The analyses include a number of co-variates, but these may not adequately deal with potential confounders. It is particularly surprising that the percent of the population that is African-America was not included. Given the relatively high rates of poverty and of teen birth among African-Americans, states with a higher percentage of African-Americans may have higher birth rates and a higher percentage of their population in poverty. It is also worthwhile considering regional factors that may play a role since states with low rates of social spending and high rates of teen pregnancy, in the upper left quadrant of Figure 1 , are predominantly in the southeast (eg Mississippi, Arkansas, Louisiana, Kentucky, and Tennessee).
It is not clear how the 255 observations (five linked sets of spending and birthrate representing five years of data from each of 50 states and the District of Columbia) were handled, and whether some adjustment was made for non-independence of observations. Doing a repeated within-state design analyzing whether fluctuations in spending by a state over the five years related to fluctuations in birth rates would take care of the problem of non-independence.
A minor suggestion is to drop Washington DC. It isn't a state and showed up as an outlier.. It would simplify the paper to limit the analyses to the 50 states, and rather than present three models, only two are needed: the entire sample, and then the sample without outliers. However, it's not clear that only Alaska should be excluded or whether Wyoming should be as well. Is there an explanation for the high birth rates in these two states despite their having the highest per capita spending?
Overall, although it is helpful to show that resources a state devotes to social services and public health relate to teen births, this finding is less novel than prior findings that social spending influences less clearly socially-related health indicators. Teen births are more often characterized as a social problem than are more conventional medical problems, and it is less surprising that social services influence them. The paper would make a greater contribution if it offered some ideas as to which types of social investments are most effective overall and especially for those in poverty. For example while total spending includes spending on primary, secondary and higher education, spending on primary and secondary education should differentially benefit children in poverty and thus should be more strongly related to subsequent birthrates for poor teens than for those who are more affluent. The reverse might be the case for spending on higher education. In the same vein, spending on public transit seems like a logical asset for impoverished teenage girls, but the benefit of spending on airports (also included in the total) may be more salient for the more affluent, though less clearly related to birth rates. Expanding the analysis in this way would lengthen the paper, but if there is room, it might provide important insights.
REVIEWER
Dr Heini Vaisanen Lecturer in Social Statistics and Demography University of Southampton United Kingdom REVIEW RETURNED 13-Oct-2016
GENERAL COMMENTS
The study examines the association between state level public spending and teen pregnancy rates over a five-year period and concludes that higher spending was associated with lower teen pregnancy rates. The authors have identified an important and interesting research question with potential to have important policy implications. While I enjoyed reading the paper, I think it could be made stronger by tying it more strongly to previous literature and by being more transparent about the choices made throughout the study process and the implications of those choices to the results, as outlined below.
The introduction of the paper should discuss how and why the authors think state spending is associated with teenage childbearing. The authors need to justify their research question and the tools used to examine the question before presenting their results. The main independent variable (public spending), as described on page 6, includes spending on education, income support, transportation, environment, public safety, housing, disease surveillance, WIC, community health care programs, regulation of air and water quality, and animal control. However, the authors do not explain how they think these might impact the level of teenage birth rates until the Discussion section of the paper (second para of Discussion section, pp. 9-10). I would suggest moving that paragraph to Introduction and expanding it to cover all the areas of public spending in the model.
Following that, I suggest the Discussion section to address questions such as: how does this study expand the existing literature, whether the results support the mechanisms assumed at the beginning and whether any potential confounders were left out of the analysis e.g. due to lack of available data. For instance, I would like the authors to explain more clearly how their study is different from Kearney & Levine (2015) , which they mention as the only previous study having examined the association between welfare spending and teen birth rates in the US. Although the current study includes a wider range of social services than Kearney & Levine (2015) , the authors could be more explicit about what that adds especially, when spending on different services is highly correlated (see p. 10, rows 49-53).
The data and methods used in the study seem appropriate, but the authors could explain how they took the clustering of standard deviations at the state level (p. 7, row 27) into account. I also suggest the authors justify why the main independent variable is the total social service and public health spending per the population of individuals living below the federal poverty level. Presumably spending on education, environment and transport, for instance, benefits all residents in the state. While I agree that the level of poverty in each state needs to be taken into account as it may affect the level of public spending, the authors should justify their choice of defining their main independent variable in this way rather than e.g. per total population in the state while controlling for the % of population living below the federal poverty level.
Furthermore, the authors could have included some literature in the introduction section justifying the choice of the control variables (covariates, pp. 6-7). The authors mention they control for potential confounders, but do not discuss why and how these particular variables were chosen and whether there were any variables the literature suggests including, but which were not available in their data and the possible implications of these omissions.
The authors state that they could not include teen abortion rate in their model, as the information was missing for many states across the years (pp. 7-8), but I was wondering if they checked the data provided by the Guttmacher institute (see e.g. https://www.guttmacher.org/report/us-teen-pregnancy-state-trends-2011 and archived reports for earlier years). The authors report having included teen abortion rate in the model nevertheless (p. 9, rows 18-32), but the results are not shown in 
This is a retrospective cohort study using publically available register data. The aim of the study was to examine if the US states with higher social service spending had lower rates of teenage births.
The research question is important, however, there are some minor concerns regarding the methodology. One concern is the lack of individual data making it impossible to take into account the clustering of individuals or families contributing to the outcome, although it's a good thing that the clustering of observations at state levels have been taken into account.
Also, as stated in the results section, the effect of spending is attenuated in the saturated model suggesting other causes that also might be explaining the results.
How were the covariates chosen? Is there a way of adding some explanation as to why they were chosen, for instance as a DAG?
For table 2, I would like to see maybe something more simple such as both unadjusted and adjusted models next to each other.
Overall, however, the statistical methods used seem to be sound.
VERSION 1 -AUTHOR RESPONSE
Comments from Reviewer 1
Comment 1
The predictor variable is the amount of "social service and public health spending per the population of individuals living below the poverty line." The analyses show both a linear effect on birthrates (higher spending associated with lower birthrates) and a quadratic effect (a less powerful association at higher levels of funding). One cannot ascertain, however, the extent to which the associations are due to births to those in poverty as would be expected based on the overall model and the suggested pathways. Each of these mechanisms (economic opportunities from better education, psychosocial health from greater financial resources, school engagement and adult monitoring from school and summer programming, and better contraceptive use from easier access to family planning services) should have a greater impact on teens in poverty. However from what I could figure out, the outcome is the birthrate for all young women age 15-19 in the state. It would strengthen the inferences made about mechanism if birth rates for those above and below the poverty line could be used to see if there is a stronger effect for the latter.
Response
The reviewer is correct; the outcome is teenage birth rate for all young women ages 15 to 19 in the state. We agree with the reviewer that it would strengthen the validity and implications of our findings if we compared results using birth rates above and below the poverty line. We were unable to find birth rates by poverty level, however, and thus included it as a limitation in our Discussion section on Page 12 (see text below). We defer to the editor if further revision would be helpful.
Furthermore, we were unable to ascertain birth rates per state by poverty level, which may be particularly important, because our spending measure is per person living in poverty. These data would have allowed us to determine whether or not the effects of spending were stronger among those living below the poverty line compared with those living above the poverty line. Despite this, we believe our findings add importantly to the literature on social determinants, which indicates that social determinants of health can affect whole communities rather than particular segments of communities.
Comment 2
Response
We appreciate the reviewer's comment and have clarified the text in our Results section concerning abortion and teen birth rates based on our new models. The text on Pages 10 and 11 now reads as follows (underlined is new):
When teenage abortion rates were included in the final multivariable model (n=223), they were significantly associated with teenage birth rates they were also not significantly associated with teenage birth rates (B=0.09, SE=0.07, p=0.183); however, the inclusion of teenage abortion rates strengthened the associations between spending and teenage birth rates (Linear effect: B=-0.34, SE=0.06; p<0.001 and Quadratic effect: B=0.005, SE=0.001, p<0.001). Abortion rates thus appeared to be a negative confounder of this relationship between social spending and teenage birth rates.
Comment 3
The analyses include a number of co-variates, but these may not adequately deal with potential confounders. It is particularly surprising that the percent of the population that is African-America was not included. Given the relatively high rates of poverty and of teen birth among African-Americans, states with a higher percentage of African-Americans may have higher birth rates and a higher percentage of their population in poverty. It is also worthwhile considering regional factors that may play a role since states with low rates of social spending and high rates of teen pregnancy, in the upper left quadrant of Figure 1 , are predominantly in the southeast (e.g., Mississippi, Arkansas, Louisiana, Kentucky, and Tennessee).
Response
We agree and have included the percentage of African Americans and region in our models. The addition of these two covariates substantially improved the model fit (AIC for reduced model = 1432.6 vs. AIC for full model = 1328.8). The estimate of the associations between spending and teenage birth rates slightly decreased but remained statistically significant (Linear effect: B=-0.20, SE=0.06; p=0.001 and Quadratic effect: B=0.003, SE=0.001, p<0.001). We have updated our Methods section on Pages 7 and 8 and Table 2 accordingly.
(Pp. 7-8; underlined is new) We gathered data from the U.S. Census Bureau on the percent of the population under 18 years old, percent female, percent non-Hispanic White, percent non-Hispanic Black, percent Hispanic, percent of adults aged 25-years or older with a high school diploma, and percent of population living in urban area, and geographic region. Spending rate was centered at its mean; unit is per $1,000. *p-value < 0.05; **p-value < 0.01
Comment 4
It is not clear how the 255 observations (five linked sets of spending and birthrate representing five years of data from each of 50 states and the District of Columbia) were handled, and whether some adjustment was made for nonindependence of observations. Doing a repeated within-state design analyzing whether fluctuations in spending by a state over the five years related to fluctuations in birth rates would take care of the problem of non-independence.
Response
We have taken nonindependence of observations into account in our statistical models and clarified this approach in our Methods section on Page 8:
The model specified a year fixed effect and took into account the non-independence of observations for each state across years by specifying repeated years within states, allowing for correlated residual error terms.
Comment 5
A minor suggestion is to drop Washington DC. It isn't a state and showed up as an outlier. It would simplify the paper to limit the analyses to the 50 states, and rather than present three models, only two are needed: the entire sample, and then the sample without outliers.
Response
We appreciate the suggestion and have dropped Washington DC, as recommended. The estimate and statistical significance of the association between social spending and teenage birth rates were largely unchanged. We have edited the text throughout to indicate that Washington DC is no longer in our sample (please see text below). We also have modified our Table 2 (inserted above) as recommended to show the model using the entire sample (n=250) and using the sample without the outliers (n=240).
(Abstract) Participants: 50 states and the District of Columbia (Pg. 6; underlined is new) We conducted a serial cross-sectional study by constructing a dataset that included teenage birth rates and spending on health care services, public health services, and social services in the U.S. among the 50 states in the U.S. and the District of Columbia. Spending data were limited to the years 2005 through 2009, the most recent 5-year period (n=255 250) for which consistent data were available.
(Pg. 6) These data were abstracted from the Kaiser Family Foundation at http://kff.org/other/stateindicator/teen-birth-rate-per-1000/ for each state and Washington D.C. for the years 2007 through 2011 to investigate 2-year lagged effects.
(Pg. 10) Estimates were slightly higher in magnitude and remained statistically significant when excluding outlying states (AK, DC, WY).
Comment 6
However, it's not clear that only Alaska should be excluded or whether Wyoming should be as well. Is there an explanation for the high birth rates in these two states despite their having the highest per capita spending?
Response
We agree with the reviewer and in the revised manuscript, we have treated both Alaska and Wyoming as outliers, as recommended. We show the unadjusted and adjusted models with the overall sample and with the sample excluding Alaska and Wyoming as outliers [Page 10 and Table 2 (inserted above)]. We did not comment on why these states have higher per capita spending and high birth rates, as we felt it would be overly speculative. We defer to the editor if greater clarification is needed.
(Pg. 10) Estimates were slightly higher in magnitude and remained statistically significant when excluding outlying states (AK, WY).
Comment 7
Overall, although it is helpful to show that resources a state devotes to social services and public health relate to teen births, this finding is less novel than prior findings that social spending influences less clearly socially-related health indicators. Teen births are more often characterized as a social problem than are more conventional medical problems, and it is less surprising that social services influence them. The paper would make a greater contribution if it offered some ideas as to which types of social investments are most effective overall and especially for those in poverty. For example, while total spending includes spending on primary, secondary and higher education, spending on primary and secondary education should differentially benefit children in poverty and thus should be more strongly related to subsequent birthrates for poor teens than for those who are more affluent. The reverse might be the case for spending on higher education. In the same vein, spending on public transit seems like a logical asset for impoverished teenage girls, but the benefit of spending on airports (also included in the total) may be more salient for the more affluent, though less clearly related to birth rates. Expanding the analysis in this way would lengthen the paper, but if there is room, it might provide important insights.
Response
The reviewer has raised an important perspective. Because the spending components were strongly correlated, it would not have been appropriate to model them all as individual components; thus, we believed it most important to examine social spending as a composite of these components. When we examined them individually -but not accounting for other potential spending -we found that although all spending components trend in the same direction (such that increases in spending are associated with decreases in teenage birth rates), no individual component was statistically significant in the model. We defer to the editor if we should include this analysis in the paper.
Comments from Reviewer 2

Comment 1
Response
We agree and appreciate this comment. We have moved the paragraph from the Discussion section of the paper to the Introduction, and also revised this paragraph to include justifications for all areas of spending. We defer to the editor if additional revisions are necessary. The paragraph in the Introduction on Pages 4-5 now reads as follows (underlined is new):
Social service and public health spending might affect teenage birth rates in several ways. First, spending on education may result in better quality educational school systems, greater student engagement, and thus increased economic opportunities. [10, 11] Additionally, more after-school and summer programming for youth might result in greater adult monitoring and mentoring. [12, 13] These opportunities may translate to greater responsibilities among youth and less idle time. Second, social spending on housing may enhance residential stability, allowing families to be less fragmented and to build and capitalize on stronger social support and social capital. [14, 15] Third, spending on the environment or recreation and on public safety may provide additional safe spaces for community engagement. Fourth, social spending may provide lower income individuals with financial assistance, potentially improving psychosocial health and development, [16, 17] thereby reducing adolescent engagement in sexual risk behaviors. [18, 19] Last, spending on transportation services and community health care programs may result in less infrastructure inequality and thus improved access to health care and family planning services.
[20] This hypothesis aligns well with previous research suggesting that the decrease in teenage birth rates since the early 1990s has been partly attributed to reduced rates of sexual activity and increased use of contraception. [8, 21] Comment 2 I suggest the Discussion section to address questions such as: how does this study expand the existing literature, whether the results support the mechanisms assumed at the beginning and whether any potential confounders were left out of the analysis e.g. due to lack of available data. For instance, I would like the authors to explain more clearly how their study is different from Kearney & Levine (2015) , which they mention as the only previous study having examined the association between welfare spending and teen birth rates in the US. Although the current study includes a wider range of social services than Kearney & Levine (2015) , the authors could be more explicit about what that adds especially, when spending on different services is highly correlated (see p. 10, rows 49-53).
The Kearney & Levine article examines state-level trends in teenage birth rates from 1981 to 2010 and specifically focuses on the effect of three predictors: changing demographic compositions, economic conditions, and targeted social policies. Thus, our work's focus on multiple spending components, although highly correlated, better reflect the context in which these effects are observed. This description has been added to the Discussion section on Page 11 (underlined is new):
Our results indicate that between 2005 and 2009, states with higher spending on social services had lower rates of teenage births, even when accounting for commonly identified risk factors. Every $1,000 increase in the social spending rate was associated with a decrease of approximately 1% of the average teen birth rate in 2011 (31.3 per 1,000 females 15 to 19 years of age). [2] These results, which focus on multiple spending components, extend previous findings that focus on public policies.
[8] Although we cannot establish causality with these observational data, the use of lagged effects and the robust and consistent associations are noteworthy.
Comment 4
The data and methods used in the study seem appropriate, but the authors could explain how they took the clustering of standard deviations at the state level (p. 7, row 27) into account.
Response
We have clarified our approach on Page 8:
Comment 5
I also suggest the authors justify why the main independent variable is the total social service and public health spending per the population of individuals living below the federal poverty level. Presumably spending on education, environment and transport, for instance, benefits all residents in the state. While I agree that the level of poverty in each state needs to be taken into account as it may affect the level of public spending, the authors should justify their choice of defining their main independent variable in this way rather than e.g. per total population in the state while controlling for the % of population living below the federal poverty level.
Response
We thank the reviewer for the opportunity to clarify our reasoning and resulting approach. We explored social service and public health spending per population while controlling for the percentage of population living below the federal poverty level and found slightly stronger results (Linear effect: B=-2.01, SE=0.51; p<0.001 and Quadratic effect: B=0.65, SE=0.16, p<0.001). We opted to maintain our measure as per person living below poverty, as the target of social spending tends to be lowincome people, and thus this approach may be the more precise measure. We have included our rationale in the Methods section of the paper (Page 7; underlined is new) and defer to the editor if additional explanation or modifications are necessary.
We calculated the total social service and public health spending per the population of individuals living below the federal poverty level, as the target of social spending tends to be low-income people.
Comment 6
The authors could have included some literature in the introduction section justifying the choice of the control variables (covariates, pp. 6-7). The authors mention they control for potential confounders, but do not discuss why and how these particular variables were chosen and whether there were any variables the literature suggests including, but which were not available in their data and the possible implications of these omissions.
Response
We agree with the reviewer that adding references to the introduction section would be helpful to justify the choice of independent variables. We have added additional text to do so on Page 7. Additionally, as recommended, we mention the limited data availability of both income inequality and abortion rates on Page 9 and discuss these limitations in our Discussion section on Page 12.
(Pg. 7) Covariates were selected based on their associations with teenage birth rates in previous literature, [4, 5, 7, 8] and included several demographic and economic factors for each state.
(Pg. 9) We explored two potential modifications to our final model. First, we gathered data on the GINI index of income inequality from the American Community Survey (ACS); however, this variable was only available for the years 2006-2009. We also calculated abortion rates per female population ages 15 to 19 in each state … These data, however, were unavailable for several states across the years.
(Pp. 12-13) Our analysis was also limited by data availability. For instance, we had limited access to abortion rates for females ages 15 to 19 and the GINI index. Furthermore, we were unable to ascertain birth rates per state by poverty level, which may be particularly important because our spending measure is per person living in poverty. These data would have allowed us to determine whether or not the effects of spending were stronger among those living below the poverty line compared with those living above the poverty line. Despite this, we believe our findings add importantly to the literature on social determinants, which indicates that social determinants of health can affect whole communities rather than particular segments of communities.
Comment 7
The authors state that they could not include teen abortion rate in their model, as the information was missing for many states across the years (pp. 7-8), but I was wondering if they checked the data provided by the Guttmacher institute (see e.g. https://www.guttmacher.org/report/us-teen-pregnancystate-trends-2011 and archived reports for earlier years). The authors report having included teen abortion rate in the model nevertheless (p. 9, rows 18-32), but the results are not shown in Table 2 .
Why not?
Response
We appreciate this reviewer's comment and reference provided. We downloaded the data from the Guttmacher Institute as recommended and realized that data for only two of the years in our study period are available. We thus deemed that our approach using the number of abortions reported by state from the ACS and then dividing this number by state-level population estimates from the U.S. Census Bureau may be sufficient. Furthermore, the Guttmacher Institute's estimates for states for which we are missing data, such as CA, FL, MD, and NH, are based on extrapolations using data from neighboring states. We believe, therefore, that our analysis is sufficient, given the limitations of these data from Guttmacher.
We did not include abortion rates in our final model, but believed it critical in our exploration of this research question and thus conducted a post-hoc analysis with the data available. We report this approach on Page 9 and our findings in the Results section on Pages 10 and 11:
(Pg. 9) We explored two potential modifications to our final model.…We also calculated abortion rates per female population ages 15 to 19 in each state by first abstracting the number of abortions reported by state from the ACS and then dividing this number by state-level population estimates from the U.S. Census Bureau for the years 2005 through 2009. These data, however, were unavailable for several states across the years. We explored their effects by including these variables in our final model among their respective subsets of available data. All analyses were performed with SPSS 21.0 (Chicago, IL).
(Pp. 10-11) When teenage abortion rates were included in the multivariable final model (n=223), they were also not significantly associated with teenage birth rates (B=0.09, SE=0.07, p=0.183); however, the inclusion of teenage abortion rates strengthened the associations between spending and teenage birth rates (Linear effect: B=-0.34, SE=0.06; p<0.001 and Quadratic effect: B=0.005, SE=0.001, p<0.001). Abortion rates thus appeared to be a negative confounder of this relationship between social spending and teenage birth rates.
Comments from Reviewer 3
Comment 1
The research question is important; however, there are some minor concerns regarding the methodology. One concern is the lack of individual data making it impossible to take into account the clustering of individuals or families contributing to the outcome, although it's a good thing that the clustering of observations at state levels have been taken into account.
Response
We agree that lack of individual data is a limitation and have included this weakness in our Discussion section on Page 12:
First, the analysis is a state-level analysis and should not be used to make inference about causal relationships at an individual level. Nevertheless, as the goal was to provide exploratory data to policy makers and practitioners about state-level spending choices, the patterns of association are notable.
Comment 2
Response
We agree with the reviewer that the reduced effect seen in our adjusted model confirms that the covariates explained part of the magnitude of the effect seen in our unadjusted analysis. Nevertheless, this attenuation did not remove the statistical significance of our overall findings. We include the following new text to address this comment on Page 11 in the Discussion:
These covariates explained part of the magnitude of the effect seen in our unadjusted analysis, but the reduced effect remained statistically significant in our adjusted models.
Comment 3
Response
The reviewer raises an important point, and we have included a more thorough justification of our covariates in our Methods section on Page 7:
Covariates were selected based on their associations with teenage birth rates in previous literature, [4, 5, 7, 8] and included several demographic and economic factors for each state.
Comment 4
For Table 2 , I would like to see maybe something more simple such as both unadjusted and adjusted models next to each other.
Response
We have simplified Table 2 to include unadjusted and adjusted models next to one another, as recommended, for the sample overall and the sample excluding the outlying states. Please see the revised Table 2 below. 
